Introduction

30
The deformation observed in compressive systems such as fold and thrust belts is influenced by the 
Experimental procedure
51
In this study, we apply the classical techniques used for brittle-ductile analogue modelling (Fig. 1a) . The synkinematic pile is composed of blue and white sand layers of different 87 thicknesses. To simulate synkinematic mass transfer, both sedimentation and erosion are simulated.
88
Sedimentation is simulated using fresh sand (blue and white) that is continuously sprinkled where R is the ratio between the rate of the sedimentation (Vs) and the velocity of uplift of the 93 structure (Vu) (see Barrier et al., 2002; Pichot and Nalpas, 2009 ). To define the amount of erosion, 94 we use a dimensionless parameter E = Ve/Vu, where E is the ratio between the velocity of the 95 erosion (Ve) and the velocity of uplift of the structure (Vu). The switchover between erosion and 96 sedimentation corresponds to a base level in the stratigraphic sense  97 , which implies that the system is being eroded above the base level, foredeep with a high sedimentation rate to the eastern zone with a low sedimentation rate. Table 1 presents the geometric and dynamic scaling of the models. The scale ratios for dimensions 107 and stress between the models and nature are of the same order of magnitude (10 -5 ), and the 108 shortening rate is imposed by the scaling laws. A velocity of 1 cm/h is used for displacement of the 109 piston, mobile basal plate and wall, along with the associated velocity discontinuity (VD). for each step of deformation (Fig. 3) . The forward or backward propagation of the deformation is 134 defined with respect to the previous structure considered (Fig. 2) . (Fig. 3a) 
106
137
The main feature observed in this experiment is the synthetic vergence of all thrusts, associated with 138 a forward propagation of the deformation.
139
More precisely:
140
-After 5 cm of shortening (Fig. 3a1) , the lower and middle sand layers are affected by synthetic -After 7.5 cm of shortening (Fig. 3a2) , the anticline in the lower sand layer is amplified and
145
associated with an accumulation of silicone forming a ridge in the lower silicone layer near the VD.
146
The lower and middle synthetic thrusts grow in amplitude and are rotated anticlockwise. The upper 147 synthetic thrust is still active, and a pop-up structure develops in front of the thrust (in yellow in 148 Fig. 3a2 ).
149
-After 10 cm of shortening (Fig. 3a3) , the lower and middle synthetic thrusts have undergone (Fig. 3b) 
154
The main feature of this experiment is the change in vergence of the middle and upper antithetic 155 thrusts after 10 cm of shortening.
156
157
-After 5 cm of shortening (Fig. 3b1) , the lower sand layer is affected by a synthetic thrust of flat 
164
-After 7.5 cm of shortening (Fig. 3b2) , the deformation is similar to that observed for 5 cm of 
168
The synkinematic layers show the same overall geometry with increasing deformation.
169
-After 10 cm of shortening ( 3.3. Shortening with synkinematic sedimentation, R = 1 (Fig. 3c) 
180
The main feature of this experiment is that all the sand layers are affected by thrusts of opposite 181 vergence developing a typical fish-tail structure.
182
183
-After 5 cm of shortening ( Fig. 3c1) , the lower sand layer is affected by a lower synthetic thrust 
201
The synkinematic layers show onlap geometry in the direction of the anticline crest. (Fig. 3d) 
203
The main feature of this experiment is that all sand layers are affected by thrusts with opposing 204 vergence, thus developing a typical fish-tail structure. Finally, at the end of the shortening, the 205 deformation shows a double vergence.
206
207
-After 5 cm of shortening (Fig. 3d1) , the lower sand layer is affected by a lower synthetic thrust opposing vergence is typical of a fish-tail structure, there is less folding and uplift in this case than 212 previously observed (Fig. 3c1) . The synkinematic layers show a progressive decrease in the 213 thickness of the hanging wall in the direction of the upper synthetic thrust (in green in Fig. 3d1 ),
214
and a nearly constant thickness on its footwall. The thrusts near the piston in the middle and upper 215 sand layers are due to boundary effects at the beginning of the experiment (in grey in Fig. 3d ).
216
-After 7.5 cm of shortening (Fig. 3d2) , the deformation is similar to that observed for 5 cm of 217 shortening. The lower synthetic thrust shows deep penetration into the middle silicone layer. The 218 growth of the middle antithetic thrust continues and an incipient middle antithetic fault is formed.
219
The upper synthetic and antithetic thrusts are still active, associated with the development of a new 220 incipient antithetic thrust. The synkinematic layers show the same overall geometry as before.
221
-After 10 cm of shortening (Fig. 3d3) , the lower synthetic thrust penetrates deeply into the middle 
Influence of initial mechanical stratigraphy
245
The initial mechanical stratigraphy is characterized by the presence of interbedded silicone layers 246 and sand layers that allow decoupling between the sand layers.
247
Firstly, a typical flat lower thrust is developed because the lower sand layers penetrate into the 248 middle detachment level (see Fig. 5 for main features of experiments after 10 cm of shortening).
249
The geometry of the upper reverse fault is dependent on the sedimentation/uplift ratio (e.g. Pichot
250
and Nalpas, 2009; Barrier et al., 2013), and shows a maximum dip when R = 1 or 2 (Fig. 3a1, b1 , 251 c1, d1 and 5, see α < β). Secondly, two superposed thrusts with opposite vergence create a fish-tail 252 structure when the interbedded silicone layer acts as a decollement level (Figs. 3c1 and d1 ). These 2). In the experiment with low ratios of sedimentation and erosion with respect to uplift of the 255 structure (R = 1/2, E = 1/4), a fish-tail structure is only present between the lower and middle sand 256 layers (Fig. 3b) . In the experiment without sedimentation, no fish-tail structures are created (Fig. 3a) . Therefore, the presence of decollement levels is a necessary but insufficient condition to M A N U S C R I P T A C C E P T E D propagation of the deformation. However, the presence of several decollement levels is insufficient 263 to explain the geometric evolution and variability of the structures. 
Influence of shortening 265
Increasing shortening induces major deformation in the model, creating structures with a marked 266 uplift (Fig. 4) , and an increase in the thrust throw. Firstly, during the increase in the amount of suggest that increased shortening is necessary to ensure an evolution in the overall shape of the 274 model, but is not sufficient to explain why this evolution is possible. 
Influence of synkinematic sedimentation
276
The geometry of the structure is highly dependent on the sedimentation/uplift ratio (Figs. 3 and 5).
277
Without sedimentation, the geometry of structures is similar in the lower, middle and upper layers (Figs. 3b, c, d and 5b, c).
283
With sedimentation, the geometry of the faults shows a fish-tail structure for the lower and middle depocentre. In our study area, eastward from the Incahuasi structure (Fig. 6b) , these formations may 328 be considered as of relatively constant thickness and are thus pre-tectonic. In the western part of our 329 study area, westward from the Incahuasi structure (Fig. 6b) , these formations are of variable 330 thickness and may be considered as syn-tectonic.
331
The Guandacay Formation (Late Miocene to Early Pliocene) and Emborozu Formation (Late
332
Pliocene to Pleistocene) are coeval with the propagation of the deformation front in the Subandean
333
Zone and thus represent true syntectonic deposits associated with the emplacement of the folds and 334 thrusts in our studied area (Incahuasi structure). Their thickness can vary between 1000 -3500 m.
335
The age of the Guandacay Formation corresponds to the peak of shortening calculated by Moretti et respect to the surface anticline axial plane (Fig. 7) as evidenced by sampling and dipmeter data 345 acquired during drilling. The surface Incahuasi structure is overturned towards the west and shows a vergence contrary to that of most other folds in the Subandean Zone (Fig. 6) . 
363
A comparison can also be made between the experimental results and subsurface data for the whole 364 cross-section of the Subandean system (Fig. 6b) . We propose that, in the eastern part, the structures Vu (R = Vs/Vu, see Barrier et al., 2002) . E is the ratio between the erosion rate, Ve, and the 534 velocity of structure uplift, Vu (E = Ve/Vu). 
